As a new two-dimensional nanomaterial composed of sp 2 carbon atom, graphene has unique electrical, optical and mechanical properties. At present, the research on graphene and its derivatives is mainly concentrated in the field of physics research. The chemical and material science research of graphene is also developing rapidly, and the research work of graphene in biomedicine field has just begun. Graphene oxide is a derivative of graphene, which has a high specific surface area and a rich functional group: the bottom surface contains a hydroxyl group and an epoxy group, and the edge contains a carboxyl group. These functional groups impart good hydrophilicity, dispersibility and biocompatibility to graphene oxide, are easy to modify and functionalize, and combined with their excellent optical properties, make graphene oxide have broad application prospects in the biomedical field. We herein briefly describe the recent advances in graphene, especially graphene oxide, in the biological and medical fields, including targeted drug delivery, cell imaging, bioassays, oncology, and graphene biosafety.■
RAPHENE is a single atomic layer of closely spaced two-dimensional material with the honeycomb structure formed by the sp 2 hybridized carbon atoms. Andre Geim and Konstantin Novoselov (1) first successfully prepared and observed graphene by micromechanical stripping of highly oriented pyrolytic graphite (HOPG) in 2004, and both of them shared the 2010 Nobel Prize in Physics.
Due to its special two-dimensional structure of monoatomic layer, graphene has excellent performance in electronics, optics, mechanics and thermals. Graphene has a good application prospects in electronics (flexible electronic materials, high-frequency transistors, logic transistors, etc.), photonics (photodetectors, light modulators, mode-locked lasers/Terahertz signal generator, the optical polarization controller, etc.), composite materials, coatings, energy, and biomedical and other fields (2) .
Carbon is one of the basic elements of the composition of living organisms, and the study confirmed that, certain modified graphene does have good biocompatibility, so graphene has a natural advantage in the field of biomedicine. Because real graphene is difficult to achieve a large number of preparations, therefore, the practical application is mostly graphene derivatives, such as a graphene layer (2 to 10 layers), a multi-layer graphene (10 layers or more, but less than 100 nm or a thickness), Graphene oxide (GO) and reduced graphene oxide (rGO) and the like. At present, graphene and its derivatives have been proven to be applicable to biomedical related fields such as drug gene delivery, composite materials, tumor photothermal therapy, bioimaging, electrochemical biosensors, antibacterial and tissue engineering.
GRAPHENE IN THE FIELD OF BIOMEDICAL APPLICATIONS

Structural Properties of Graphene
Graphene, in particular, has a large surface area of GO and has good dispersibility in water. The surface of GO is rich in oxygen-containing functional groups, which can chemically immobilize various drugs and biomolecules on its surface, so it has a good application prospect in the field of drug and gene delivery. In the field of biomedicine, we can use a variety of external means to load a water-insoluble drug into a water-soluble graphene carrier, thereby changing it into a carrier drug with certain water solubility. These include noncovalent modification, pH regulation, and molecular modification (3) .
In addition to being used to deliver drugs, graphene can also be used as a gene vector for gene transfection. The GO surface contains a large number of functional groups such as carboxyl groups and hydroxyl groups, making it easier to obtain a positively charged graphene complex by surface modification for gene transfer transfection related research. Currently, positively charged materials such as polyethyleneimine, chitosan and 1-indolylmethylamine have been used to modify graphene and serve as a gene delivery vector.
Application of Mechanical Properties of Graphene
Since the two-dimensional structural characteristics which layers of carbon atoms, graphene having excellent mechanical properties, the Young's modulus of the unsupported graphene up to 1.0 TPa, the intrinsic strength of 130 GPa. Thus, the graphene can be used as the respective two-dimensional reinforcing composite materials.
Hydroxyapatite (HA) has similar chemical composition and crystal structure to calcium phosphate in human bone tissue, so it has excellent biocompatibility and is suitable for adhesion, proliferation and osteogenic mineralization of osteoblasts. However, its inherent covalent bond or covalent bond/ion bond coexistence features poor fracture toughness and reduced reliability and service time of HA. The graphene/hydroxyapatite nanorod composite material synthesized by the innate characteristics of graphene can significantly improve the Young's modulus and mechanical properties of hydroxyapatite.Meanwhile, compared with the individual graphene and hydroxyapatite, due to the composite material containing 40% hydroxyapatite, bone and therefore it exhibits a higher integration, better biocompatibility and excellent bone cell proliferation Induction ability.
As one of the artificial joint materials, ultra-high molecular weight polyethylene (UHMWPE) has good wear resistance, but its wear is still inevitable in longterm use, and the generated abrasives will cause the surrounding bone to dissolve, which will cause aseptic loosening, and then affecting the life of artificial joints. The GO/UHMWPE composite prepared by the intro-duction of GO exhibits superior hardness and wear resistance under different lubricating media (4). Polymethyl methacrylate (PMMA) denture base material has excellent simulation aesthetics and biological properties, but its mechanical properties cannot meet the clinical requirements well, mainly in poor wear resistance. Adding a certain amount of GO (mass fraction of about 0.1%) can effectively improve its wear resistance under artificial saliva lubrication medium.
Thermal Properties of Graphene
In view of its excellent photothermal conversion capability in the near-infrared region, graphene is widely used in photothermal treatment of tumors. Graphene modified by polyethylene glycol (PEG) can be enriched into tumor tissue by passive targeting, and applied to photothermal treatment of tumor by its good light absorption ability in the near-infrared region. Meanwhile, hydrazine hydrate reduction modified by PEG produced a 100% elimination of the tumor tissue under the irradiation of 808 nm laser light of a magnitude lower than the conventional power (5). In addition to directly killing tumor cells by photothermal therapy, the photothermal conversion effect of graphene is currently widely used in the synergistic treatment of tumors.
Optical Properties of Graphene
Graphene has a wide application prospect in the field of biological living imaging as an emerging fluorescent imaging material due to its good dispersion stability, biocompatibility and strong fluorescence imaging (6) . Graphene itself can fluoresce under the excitation of near-infrared light, and some fluorescent dyes can be connected to graphene by covalent or non-covalent dye to obtain a composite with better fluorescence properties. Therefore, this fluorescent material enables cell imaging and marker detection of tumors.
Electrical Properties of Graphene
Graphene can promote electron transport, exhibits excellent electrocatalytic behavior for some small biomolecules, and has the advantages of being easy to carry, high sensitivity and low cost (7) . Therefore, it has attracted extensive attention in the field of high performance electrochemical biosensors. As a conductive component of the electrode surface and the glucose oxidase redox center, graphene can well maintain the biological activity of glucose oxidase and promote the transmission of electronic signals from the active center of the enzyme to the electrode surface. Since the graphene has a large specific surface area, the enzyme can be better supported on the surface thereof, and the glucose oxidase electrochemical biosensor based on the detection has a broad detection range.
The graphene-modified electrode has excellent electrocatalytic activity, and the defects existing at the edge can be used as an active site to increase the electron transfer speed of the detected biomolecule and reduce the electron transfer resistance. The graphenemodified electrode can detect one of the molecules under the condition of multiple biomolecules at the same time, and has the advantages of good separation effect and low detection limit.
In the detection of selected DNA sequences and disease-related variant genes, electrochemical DNA sensors have the advantages of high sensitivity, high selectivity and low cost, and are expected to provide a simple, accurate and inexpensive clinical detection platform. Graphene has a wide potential window and can directly detect nucleic acid molecules with higher oxidationreduction potential.
THE BIOLOGICAL PROPERTIES OF GRAPHENE
Antibacterial Properties of Graphene
It was found that both graphene oxide (GO) and reduced graphene oxide (rGO) have excellent antibacterial properties, and GO and rGO films prepared by vacuum filtration also exhibit excellent antibacterial properties. In-depth research results show that the edges of GO and rGO sheet structures are hard and may cause damage to cell membranes of bacteria such as E. coli (8) . The GO film was prepared on the surface of the stainless steel substrate by electrophoretic deposition method, and the rGO film was obtained by reduction of hydrazine hydrate, both of which destroyed the integrity of the bacterial cell membrane and exhibited excellent antibacterial properties. The rGO film showed better inhibition of Gram-negative bacteria (E. coli) and Gram-positive bacteria (S. aureus) than the GO film, mainly due to the interaction of rGO with bacteria with sharper edges. It has better charge transfer characteristics. It was found that the agglomerated GO and rGO can be separated from the external environment by capturing E. coli, and the bacteria stop growing or even die due to the inability to obtain nutrients efficiently, so GO and rGO show good antibacterial properties (9) . By comparison, it is found that the structural properties and the size of the sheet of the graphene-based material affect its antibacterial properties. Under the same conditions, GO showed the best antibacterial property, followed by rGO, graphite and graphite oxide; large-size GO has more excellent antibacterial properties. At the same time, it is found that the antibacterial property of graphene-based materials is mainly due to the membrane stress caused by the sharp edges of the graphene in contact with the bacterial cell membrane. Superoxide anion oxidative stress is also one of the antibacterial causes (10) . A graphene composite hydrogel was prepared by synthesizing silver/graphene composites of different mass ratios and then crosslinking with polyacrylic acid and polymethylidene bisacrylamide. When the mass ratio of silver to graphene in the hydrogel is 5:1, the hydrogel exhibits good mechanical properties as well as excellent antibacterial and biocompatibility. Due to the simple preparation and low cost of GO, the antibacterial property of GO is expected to be widely used in environmental and clinical fields. However, different studies have found that GO dispersions and films not only inhibit the proliferation of bacteria, but also promote the growth of bacteria (11). It is believed that in the previous study, GO could play an antibacterial role, the source may be the pollutants left in the preparation process of GO or underestimate the concentration of GO, and they use less dialysis after long-term dialysis (12) . This shows that the preparation process and quality of GO will seriously affect the number of bacteria.
Promote Cell Growth and Differentiation Graphene
GO films can increase their growth ability by promoting the adhesion and proliferation of mammalian cells (13) . Graphene has low cytotoxicity and can accelerate the differentiation of bone marrow mesenchymal stem cells (hMSCs) into osteoblasts, and its differentiation speed is similar to that of BMP-2. The surface of graphene is suitable for attachment of osteoblasts on its surface, and the attachment of osteoblasts is directly related to its cell activities such as proliferation and differentiation. It has also been found that graphene is beneficial to the mineralization of phosphate and calcium salts on its surface. , that is, the ability to form bone mineralization is excellent, and this series of cell activities can promote the formation of new bone on the surface of the implant. In addition, iPSCs can adhere and proliferate on the surface of GO and rGO, but rGO can inhibit the differentiation of iPSCs, while GO can promote its differentiation. Different surface properties of graphene are important factors regulating the growth and differentiation behavior of iPSCs (14) .
Graphene has good biocompatibility, can promote the adhesion of hNSCs and induce its differentiation into neuronal cells instead of glial cells, and can significantly increase the number and average length of neurites. It is a potential neural interface material. Three-dimensional graphene foam neural stem cell scaffold material 3D-GFs can make neural stem cells adhere and proliferate on the surface of 3D-GFs, and can be further differentiated into astrocytes, especially neuronal cells (15) . In addition, the birth of 3D printed graphene ink (graphene content up to 60%) makes it flexible and safe to be applied in the biomedical field; in vivo experiments have confirmed that the graphene scaffold structure using the ink 3D printing has good biocompatibility; In vitro experiments have shown that graphene scaffolds do not affect stem cell survival, and can promote their continued division, proliferation and transformation into neuron-like cells (16) .
THE BIOSAFETY OF GRAPHENE
Due to its excellent structural, mechanical, thermal, optical, electrical and biological properties, graphene can be used in many fields of biomedicine. However, the clinical application of any material must consider its potential biosafety.
The main component of graphene is carbon, which is one of the most basic elements in bioorganisms. Therefore, graphene materials have natural advantages in biomedical applications. Due to the different preparation processes, the physical and chemical properties of graphene and its derivative materials are different, so there are many ways to interact with biomolecules, cells, tissues and organs. At least current research shows that graphene is a carbon nanomaterial with good biocompatibility. Cytotoxicity is one of the important indicators for assessing the safety of biological materials. Graphene materials generally exhibit lower cytotoxicity. Although individual studies have found that GO exhibits a high hemolysis rate, the cytotoxicity of graphene materials is significantly reduced after modification with polyethylene glycol, chitosan, Tween, artificial peroxidase, dextran, and protein. Animal toxicity is another important indicator for assessing the biosafety of materials. Although graphene and its derivatives can be enriched in the lungs and exist for a long time, which leads to the formation of pulmonary edema and granuloma, which induces lung injury, but also polymers such as polyethylene glycol, dextran, chitosan, etc. Modification can significantly reduce toxicity in vivo. In addition, the presence of horseradish peroxidase, human myeloperoxidase, etc. in the organism can cause degradation of graphene materials, which can greatly reduce the biotoxicity of graphene materials, especially its longterm biotoxicity, making it safer and more effective for biomedical applications.
The great research progress of graphene in the field of biomedicine is inspiring, but we cannot deny the challenge. Due to the diversity of graphene-based materials and the complexity of biological systems, the mechanism of interaction between graphene and biomolecules, cells, tissues, organs and even organisms has not been thoroughly studied. Therefore, how to improve the biocompatibility and stability of graphene materials under the premise of maintaining the physical and chemical properties of graphene materials is an important research direction. In addition, we must know that graphene is not a "universal material", so it needs to be modified for each specific application environment to develop corresponding graphene-derived materials, which requires researchers with different academic backgrounds to work together.■
